Ray Cardiovascular Diabetology 2013, 12(Suppl 1):53
http://www.cardiab.com/supplements/12/S1/S3

REVIEW

CARDIO
VASCULAR
DIABETOLOGY

I

Open Access

Statin diabetogenicity: guidance for clinicians

Kausik Ray*

Abstract

irrespective of T2D risk.

Type 2 diabetes (T2D) is a strong, independent risk factor for cardiovascular (CV) and cerebrovascular outcomes.
Meta-analysis of five randomised clinical trials (n = 33,040) showed that, although intensive versus standard
glycaemic control significantly reduced CV events in people with T2D, the reduction was less than that achieved

with lipid-lowering or antihypertensive treatment. Furthermore, fasting plasma glucose (FPG) concentrations were

a modest predictor for CV risk in people without T2D. Thus, although effective glycaemic control is important for

the prevention/management of T2D, other risk factors must be addressed to effectively reduce CV risk. Reducing
low-density lipoprotein-cholesterol levels using statins significantly reduces CV risk in people with and without T2D.
Although statins are generally safe and well tolerated, conflicting data exist regarding the diabetogenic effects of
some statins. Based on recent clinical trial data, the US Food and Drug Administration have changed the labelling of
all statins to include ‘an effect of statins on incident diabetes and increases in haemoglobin A1c and/or FPG. However,
the literature suggests that the beneficial effects of most statins on CV risk continue to outweigh their diabetogenic
risks and that statins should remain as first-line therapy for the majority of people with dyslipidaemia and metabolic
syndrome or T2D. Mechanisms explaining the potentially higher incidence of T2D with statin therapy have not been
confirmed. However, independent predictors for statin-associated T2D appear to include elevated levels of baseline
FPG, BMI, blood pressure and fasting triglycerides. Moreover, although some statins (for example, atorvastatin) are
associated with increased haemoglobin Alc levels in patients receiving intensive but not moderate therapy, other
statins (for example, pitavastatin) have demonstrated neutral or favourable effects on glucose control in patients with
and without T2D or metabolic syndrome. The potential diabetogenic effects of statins may therefore differ between
drugs. In conclusion, conflicting data exist regarding the diabetogenic effects of statins. Further studies are required to
understand whether all statins have the same effect and whether some patient groups are at higher risk than others.
Meanwhile, results suggest that the net CV benefit favours the use of statin therapy in patients with dyslipidaemia,

Introduction

Type 2 diabetes (T2D) is a well-established risk factor for
cardiovascular (CV) and cerebrovascular disease [1-3].
However, the extent to which its impact on vascular risk
varies according to levels of conventional risk factors
was, until recently, unknown. A meta-analysis of 102
prospective studies (n = 698,782) from the Emerging Risk
Factors Collaboration demonstrated that T2D confers
approximately a twofold excess risk for a wide range of
vascular diseases, including coronary heart disease
(CHD; hazard ratio (HR) = 2.00, 95% confidence interval
(CI) = 1.83 to 2.19), ischaemic stroke (HR = 2.27, 95%
CI = 1.95 to 2.65), haemorrhagic stroke (HR = 1.56, 95%
CI = 1.19 to 2.05), and other vascular deaths (HR = 1.73,
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95% CI = 1.51 to 1.98) (Figure 1) [2]. T2D was a strong
predictor for CV risk in all patient subgroups, and was
more strongly associated with fatal versus nonfatal
disease. HRs were largely unaffected by inflammatory/
renal markers and the lipid profile (non-high-density
lipoprotein, high-density lipoprotein and triglyceride
levels). This study demonstrates that the association
between T2D and vascular disease cannot fully be
explained by conventional or emerging CV risk factors
and suggests that the causal factors by which diabetes
increases CV disease have yet to be defined.

T2D accounts for approximately 10% of all vascular
deaths in developed countries over the past 10 years [2]
and is associated with an increased risk of death from a
range of other conditions, including some cancers, infec-
tious diseases, external causes, intentional self-harm, and
some degenerative disorders [4]. Data from 97
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Number

of cases HR (95% CI)* 12 (95% ClI)
Coronary heart disease* 26505 —— 2.00 (1.83-2.19) 64 (54-71)
Coronary death 11556 —B— 2.31 (2.05-2.60) 41 (24-54)
Non-fatal myocardial infarction 14741 — 1.82 (1.64-2.03) 37 (19-51)
Stroke subtypes™
Ischaemic stroke 3799 —a 2.27 (1.95-2.65) 1 (0-20)
Haemorrhagic stroke 1183 1.56 (1.19-2.05) 0 (0-26)
Unclassified stroke 4973 —— 1.84 (1.59-2.13) 33 (12-48)
Other vascular events 3826 —— 1.73 (1.51-1.98) 0 (0-26)

I ]
1 2 4

Figure 1. Type 2 diabetes confers excess risk for a wide range of vascular diseases. *Adjusted for age, smoking, BMI, systolic blood pressure
and stratified by sex and trial arm (where appropriate). **Includes fatal and nonfatal events.

prospective studies (n = 820,900) suggest that, on
average, a 50 year old with T2D and no history of vascular
disease dies approximately 6 years before their counter-
part without T2D [4]. Whereas the risk of death is
directly associated with levels of fasting plasma glucose
(FPG) in the diabetic range (>5.6 mmol/l; 100 mg/dl),
there appears to be only a modest correlation between
FPG levels in the nondiabetic range (3.9 to 5.6 mmol/]; 70
to 100 mg/dl) [4]. Similarly, the Emerging Risk Factors
Collaboration found that assessment of neither FPG con-
centration nor impaired fasting glucose status signi-
ficantly improved vascular disease prediction in people
without T2D beyond that obtained from conventional
risk factors. Moreover, although both early-onset and
late-onset T2D are associated with an increased risk of
major CHD events and mortality, only long-duration
T2D (>10 years) appears to be a CHD risk equivalent [3].
Together, these studies suggest that the duration of hyper-
glycaemia might contribute to the association between
T2D and vascular risk.

The impact of hyperglycaemia on T2D-related vascular
risk was further examined by a meta-analysis of five
randomised clinical trials (z = 33,040) comparing the
effects of intensive versus standard glycaemic control in
people with T2D [1]. Compared with standard glycaemic
control, intensive control reduced mean glycated haemo-
globin Alc (HbAlc) levels by 0.9%, resulting in a 17%
reduction in the risk of nonfatal myocardial infarction
(odds ratio = 0.83, 95% CI = 0.75 to 0.93) and a 15%
reduction in the risk of CHD (odds ratio = 0.85, 95%

CI = 0.77 to 0.93) with no significant effect on stroke or
all-cause mortality. However, the reduction in events (2.9
per 200 T2D patients treated over 5 years) was far more
modest than that achieved either with lipid-lowering
therapy (8.2 fewer CV events for each mmol/I reduction
in low-density lipoprotein-cholesterol) or with antihyper-
tensive treatment (12.5 fewer events per 4 mmHg reduc-
tion in systolic blood pressure) [1]. Similarly, the Diabetes
Reduction Assessment with Ramipril and Rosiglitazone
Medication (DREAM) study (n = 5,269) showed that,
although oral hypoglycaemic agents can increase the
likelihood of regression to normoglycaemia and can
reduce the incidence of T2D in adults with impaired FPG
and/or impaired glucose tolerance, they have very little
effect on CV event rates [5].

Overall, these results suggest that T2D and dysgly-
caemia are different entities and that the CV risk
associated with dysglycaemia is modest.

Some statins are associated with an increased risk
of new-onset type 2 diabetes

Numerous studies have shown that reducing low-density
lipoprotein-cholesterol levels using statins significantly
reduces CV risk in people with and without T2D [6-10].
Although statins are generally safe and well tolerated [11],
conflicting data exist regarding the effects of some statins
on the risk of incident T2D [12-17]. For example, the
Justification for the Use of Statins in Primary Prevention:
An Intervention Trial Evaluating Rosuvastatin (JUPITER)
study (n = 17,802) showed a significant 3.0% versus 2.4%
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increase in incident T2D among healthy adults treated
with rosuvastatin 20 mg/day versus placebo for 1.9 years
(P = 0.01) [12]. This was accompanied by a small but
significant increase in HbAlc levels. In contrast, the West
of Scotland Coronary Prevention Study (WOSCOPS;
n = 5974) showed that, compared with placebo, prava-
statin was associated with a 30% reduction (P = 0.042) in
the hazard of developing T2D after 5 years [13].

To investigate this discrepancy, a meta-analysis of 13
statin trials was performed, including 91,140 patients
without T2D [15]. In this analysis, statin therapy (atorva-
statin 10 mg, pravastatin 40 mg, simvastatin 40 mg or
rosuvastatin 20 mg) was associated with a 9% increased
risk for T2D over 4 years (odds ratio = 1.09, 95% CI = 1.02
to 1.17), with only a small degree of heterogeneity
(» = 11%) between trials (Figure 2). A further meta-
analysis showed that the potential diabetogenic effects of
statins may be dose related [14]. Compared with
moderate therapy, intensive therapy (simvastatin 80 mg
or atorvastatin 80 mg) was associated with a higher
incidence of T2D (odds ratio = 1.12), with no hetero-
geneity between trials ( = 0%). Similar results were also
obtained from a post-hoc analysis of the Stroke Preven-
tion by Aggressive Reduction in Cholesterol Levels
(SPARCL) trial (n = 3,803) [17]. Incident T2D occurred
in 8.71% of patients randomised to atorvastatin 80 mg/
day and in 6.06% of patients receiving placebo (adjusted
HR = 1.37, 95% CI = 1.08 to 1.75; P = 0.011).

Although these results suggest a correlation between
statin therapy and incident T2D, it should be noted that
none of the statin trials were designed to look for incident
T2D and that the meta-analyses used a range of methods
to detect the condition. Further studies are therefore
required to fully understand this effect.

What does this mean for our patients?

The benefits of intensive versus standard statin therapy
on CV outcomes in people with and without T2D have
been clearly established [6,18-21]. For example, the
Treat to New targets (TNT) study (n = 10,001) found
that the total number of CV events prevented per 5,000
patients treated with atorvastatin 80 mg versus
atorvastatin 10 mg for 5 years was 608 (262 prevented
for the first event, and 166, 92, 55 and 33 prevented for
the second, third, fourth and fifth events) [18]; similar
findings were observed in the subgroup of patients with
T2D or metabolic syndrome (n = 5,854). These results
are further corroborated by a meta-analysis carried out
by the Cholesterol Treatment Trialist’s Collaboration, in
which more versus less intensive statin therapy was
associated with a highly significant 15% (95% CI = 11 to
18; P <0.0001) further reduction in major vascular
events [6]. Importantly, each 1.0 mmol/l decrease in
low-density lipoprotein-cholesterol reduced the annual
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rate of major CV events by 21% in patients both with
and without T2D [6,21].

Based on these results [6,21], Sattar and colleagues
found that treating 255 patients with standard-dose statin
therapy for 4 years would, on average, avoid a composite
of nine vascular events whilst leading to one case of
statin-related T2D (9:1 benefit vs. risk ratio) [15].
Similarly, Preiss and colleagues found that, compared
with standard therapy, the number needed to harm per
year for intensive statin therapy was 498 for incident T2D
whereas the number needed to treat per year was 155 for
CV events [14]. In absolute terms, intensive statin therapy
accounted for 3.0 additional cases of T2D and 6.5 fewer
first major CV events per 1,000 patient-years.

Together, these studies suggest that the overwhelming
benefits for intensive-dose statins in reducing CV events
far outweigh the small absolute risk for developing T2D.
Authors therefore conclude that statins should still be
considered as a first-line therapy for dyslipidaemia in the
majority of patients with CV risk.

Are all statins the same?
Mechanisms explaining the potentially higher incidence
of T2D with statin therapy have not yet been identified.
Possible explanations include residual confounding
factors, such as improved survival with statin treatment
and an improved lifestyle after CV events. However,
independent predictors for statin-associated T2D appear
to include elevated levels of baseline FPG, BMI, blood
pressure and fasting triglycerides [17]. Moreover, although
some statins have been associated with increased HbAlc
levels in patients receiving intensive therapy, other statins
have demonstrated neutral or favourable effects on glucose
control in patients with and without T2D [16,22-31].
Analysis of data from the PROVE-IT TIMI 22 trial
showed that, among the 3,382 patients without pre-
existing T2D, HbA1lc levels increased by 0.12% in patients
treated with pravastatin 40 mg and by 0.30% in those
receiving atorvastatin 80 mg (P <0.0001) [23]. However,
these results were obtained from a post hoc analysis and
must be interpreted with caution. Similarly, a comparison
of glycaemic control between T2D patients receiving
atorvastatin 10 mg, pravastatin 10 mg or pitavastatin
2 mg/day (n = 279) showed that glycaemic parameters
(arbitrary blood glucose levels and HbAlc) only
increased among atorvastatin-treated patients [24]. Since
there was no correlation between changes in HbAlc and
changes in low-density lipoprotein-cholesterol, the
mechanism of statin-effects on glycaemic control were
deemed to be unrelated to lipid profile. Again, these data
should be treated with caution due to the retrospective,
single-site nature of the study. However, the results are
consistent with those from a subanalysis of the CHIBA
study in which 45 Japanese patients with T2D and
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n Statin  Placebo or Control OR (95% CI) Weight (%)
Events Rate Events Rate
ASCOT-LLA 7773 154 11.9 134 105 = 1.14 (0.89-1.46) 7.07
HPS 14573 335 92 293 8.0 -+ 1.15(0.98-1.35)  13.91
JUPITER 17802 270 16.0 216 128 —*:—I— 1.26 (1.04-1.51)  11.32
WOSCOPS 5974 75 5.2 93 65 = : 0.79 (0.58-1.10) 4.24
LIPID 6997 126 6.0 138 6.6 = : 0.91 (0.71-1.71) 6.53
CORONA 3534 100 209 88 185 = 1.14 (0.84-1.55) 4.65
PROPSER 5023 165 205 127 158 : L 1.32 (1.03-1.69) 6.94
MEGA 6086 172 108 164 10.1 ——.:— 1.07 (0.86-1.35) 8.03
AFCAPS/TEXCAPS 6211 72 4.5 74 4.6 - 0.98 (0.70-1.38) 3.76
4S 4242 198 17.3 193 16.8 _0 1.03 (0.84-1.28) 8.88
ALLHAT 6087 238 164 212 144 B 1.15(0.95-1.41)  10.23
GISSI HF 3378 225 348 215 321 N 1.10 (0.89-1.35) 9.50
GISSI PREV 3460 96 27.5 105 306 : 0.89 (0.67-1.20) 4.94
I
Overall (1> =11.2% [95% C1 0.0-50.2%]) <> 1.09 (1.02-1.17) 100%
| |
0.5 1.0 2.0
Figure 2. Statin therapy is associated with an increased risk of type 2 diabetes [15]. Events per 1,000 patient-years; weights are from random-
effects analysis. Cl, confidence interval; OR, odds ratio.

hypercholesterolaemia were randomised to pitavastatin
2 mg or atorvastatin 10 mg for 12 weeks [25]. Whereas
atorvastatin was associated with a significant increase in
serum glycoalbumin levels (+0.67 £ 1.31% vs. baseline;
P = 0.026) and a slight increase in HbAlc levels
(P =0.098), pitavastatin had no obvious effect.

In contrast to atorvastatin’s negative effects, pitava-
statin appears to have a neutral and possibly beneficial
effect on glucose regulation. The CHIBA study showed
slight increases in FPG, insulin and the homeostasis
model assessment ratio with atorvastatin but not pitava-
statin [25]. More recently, the CAPITAIN study showed
that 6-month treatment with pitavastatin 4 mg did not
significantly change the mean FPG, homeostasis model
assessment index, insulin levels, insulin/glucose ratios, or
HbAlc levels in people with metabolic syndrome [30].
Two further studies showed that 12-week treatment with
pitavastatin 4 mg had no effect on FPG levels in patients
with primary hyperlipidaemia or mixed dyslipidaemia
and >2 additional risk factors for CHD [32], and no effect
on FPG, fasting plasma insulin, HbAlc, HOMA-IR or
QUICKI in patients with primary hyperlipidaemia or
mixed dyslipidaemia [33]. Furthermore, a subanalysis of
the LIVALO Effectiveness and Safety (LIVES) study
showed a significant (P <0.001) 0.28% decrease in HbAlc
levels among 308 patients with T2D after 104 weeks of
pitavastatin treatment [26].

Together these data suggest that, whereas some statins
have negative effects on glucose control, pitavastatin has

a neutral and possibly beneficial effect. However, much of
the evidence derives from relatively small, retrospective
and/or single-centre studies and requires confirmation in
more robust trials. One such study — the Japan Preven-
tion Trial of Diabetes by Pitavastatin in Patients with
Impaired Glucose Tolerance (J-PREDICT) study — is an
open-label, randomised controlled, parallel-group com-
parative study designed to evaluate the cumulative inci-
dence of new-onset T2D in ~1,240 patients with
impaired glucose tolerance following 5-year treatment
with pitavastatin 1 to 2 mg/day [34]. This study will be
completed in 2015.

In conclusion, conflicting data exist regarding the dose-
dependent diabetogenic effects of statins. Whereas some
statins (for example, atorvastatin, pravastatin, rosuva-
statin and simvastatin) appear to have adverse effects on
glycaemic control, others (for example, pitavastatin)
appear to have a neutral and possibly favourable effect.
However, more robust studies are required to confirm
these results and to fully understand their clinical
implications. In the meantime, the net CV benefit favours
the use of statin therapy in patients with dyslipidaemia,
irrespective of T2D risk.

Abbreviations

BMI, body mass index; CHD, coronary heart disease; Cl, confidence interval;
CV, cardiovascular; FPG, fasting plasma glucose; HbA1c, haemoglobin A1c; HR,
hazard ratio; T2D, type 2 diabetes.



Ray Cardiovascular Diabetology 2013, 12(Suppl 1):53
http://www.cardiab.com/supplements/12/S1/S3

Competing interests

KR received honoraria from Novo Nordisk, Roche, Novartis, Pfizer, Astra Zeneca,
Daiichi Sankyo, and Lilly. KR represents the advisory boards of Novo-Nordisk,
Roche, Astra Zeneca, Pfizer, Daiichi Sankyo, Lilly, and MERCK.

Declaration

This article has been published as part of Cardiovascular Diabetology Volume
12 Supplement 1, 2013: Statins in cardiometabolic disease: what makes
pitavastatin different? The full contents of the supplement are available
online at http://www.cardiab.com/supplements/12/S1. Publication of this
supplement has been funded by Kowa Pharmaceutical Europe. Pitavastatin is
a product marketed by the sponsor of the supplement. Articles are based on
the proceedings of the World Congress for the Prevention of Diabetes. Authors
received support with the preparation of their articles from GK Pharmacomm,
an agency funded by the sponsor. All articles have undergone the journal’s
standard peer review process. The Supplement Editors declare that they have
no competing interests.

Published: 30 May 2013

References

1. Ray KK, Seshasai SR, Wijesuriya S, Sivakumaran R, Nethercott S, Preiss D, Ergou
S, Sattar N: Effect of intensive control of glucose on cardiovascular
outcomes and death in patients with diabetes mellitus: a meta-analysis of
randomised controlled trials. Lancet 2009, 373:1765-1772.

2. Sarwar N, Gao P, Seshasai SR, Gobin R, Kaptoge S, Di AE, Ingelsson E, Lawlor
DA, Selvin E, Stampfer M, Stehouwer CD, Lewington S, Pennells L, Thompson
A, Sattar N, White IR, Ray KK, Danesh J: Diabetes mellitus, fasting blood
glucose concentration, and risk of vascular disease: a collaborative meta-
analysis of 102 prospective studies. Lancet 2010, 375:2215-2222.

3. Wannamethee SG, Shaper AG, Whincup PH, Lennon L, Sattar N: Impact of
diabetes on cardiovascular disease risk and all-cause mortality in older
men: influence of age at onset, diabetes duration, and established and
novel risk factors. Arch Intern Med 2011, 171:404-410.

4. Seshasai SR, Kaptoge S, Thompson A, Di AE, Gao P, Sarwar N, Whincup PH,
Mukamal KJ, Gillum RF, Holme |, Njolstad |, Fletcher A, Nilsson P, Lewington S,
Collins R, Gudnason V, Thompson SG, Sattar N, Selvin E, Hu FB, Danesh J:
Diabetes mellitus, fasting glucose, and risk of cause-specific death. N Engl J
Med 2011, 364:829-841.

5. Gerstein HC, Yusuf S, Bosch J, Pogue J, Sheridan P, Dinccag N, Hanefeld M,
Hoogwerf B, Laakso M, Mohan V, Shaw J, Zinman B, Holman RR: Effect of
rosiglitazone on the frequency of diabetes in patients with impaired
glucose tolerance or impaired fasting glucose: a randomised controlled
trial. Lancet 2006, 368:1096-1105.

6. Baigent C, Blackwell L, Emberson J, Holland LE, Reith C, Bhala N, Peto R,
Barnes EH, Keech A, Simes J, Collins R: Efficacy and safety of more intensive
lowering of LDL cholesterol: a meta-analysis of data from 170,000
participants in 26 randomised trials. Lancet 2010, 376:1670-1681.

7. Kearney PM, Blackwell L, Collins R, Keech A, Simes J, Peto R, Armitage J,
Baigent C: Efficacy of cholesterol-lowering therapy in 18,686 people with
diabetes in 14 randomised trials of statins: a meta-analysis. Lancet 2008,
371:117-125.

8. Reiner Z, Catapano AL, De Backer G, Graham |, Taskinen MR, Wiklund O,
Agewall S, Alegria E, Chapman MJ, Durrington P, Erdine S, Halcox J, Hobbs R,
Kjekshus J, Filardi PP, Riccardi G, Storey RF, Wood D, Bax J, Vahanian A,
Auricchio A, Baumgartner H, Ceconi C, Dean 'V, Deaton C, Fagard R, Filippatos
G, Funck-Brentano C, Hasdai D, Hobbs R, et al: ESC/EAS Guidelines for the
management of dyslipidaemias: the Task Force for the management of
dyslipidaemias of the European Society of Cardiology (ESC) and the
European Atherosclerosis Society (EAS). Eur Heart J 2011, 32:1769-1818.

9. Third Report of the National Cholesteroal Education Program (NCEP)
Expert Panel on Detection, Evaluation, and Treatment of High Blood
Cholesterol in Adults (Adult Treatment Panel Ill) final report. Circulation
2002, 106:3143-3421.

10.  American Diabetes Association: Management of dyslipidemia in adults
with diabetes. Diabetes Care 2011, 34:512-547.

11.  Armitage J: The safety of statins in clinical practice. Lancet 2007,
370:1781-1790.

12. Ridker PM, Danielson E, Fonseca FA, Genest J, Gotto AM, Jr, Kastelein JJ,
Koenig W, Libby P, Lorenzatti AJ, MacFadyen JG, Nordestgaard BG, Shepherd
J,Willerson JT, Glynn RJ: Rosuvastatin to prevent vascular events in men

13.

15.

20.

21

22.

23.

24,

25.

27.

28.

29.

30.

Page 5of 6

and women with elevated C-reactive protein. N Engl J Med 2008,
359:2195-2207.

Freeman DJ, Norrie J, Sattar N, Neely RD, Cobbe SM, Ford |, Isles C, Lorimer AR,
Macfarlane PW, McKillop JH, Packard CJ, Shepherd J, Gaw A: Pravastatin and
the development of diabetes mellitus: evidence for a protective treatment
effect in the West of Scotland Coronary Prevention Study. Circulation 2001,
103:357-362.

Preiss D, Seshasai SR, Welsh P, Murphy SA, Ho JE, Waters DD, DeMicco DA,
Barter P Cannon CP, Sabatine MS, Braunwald E, Kastelein JJ, de Lemos JA,
Blazing MA, Pedersen TR, Tikkanen MJ, Sattar N, Ray KK: Risk of incident
diabetes with intensive-dose compared with moderate-dose statin
therapy: a meta-analysis. JAMA 2011, 305:2556-2564.

Sattar N, Preiss D, Murray HM, Welsh P, Buckley BM, de Craen AJ, Seshasai SR,
McMurray JJ, Freeman DJ, Jukema JW, Macfarlane PW, Packard CJ, Stott DJ,
Westendorp RG, Shepherd J, Davis BR, Pressel SL, Marchioli R, Marfisi RM,
Maggioni AP, Tavazzi L, Tognoni G, Kjekshus J, Pedersen TR, Cook TJ, Gotto AM,
Clearfield MB, Downs JR, Nakamura H, OhashiY, et al: Statins and risk of
incident diabetes: a collaborative meta-analysis of randomised statin
trials. Lancet 2010, 375:735-742.

Sattar N, Taskinen MR: Statins are diabetogenic — myth or reality? Atheroscler
Suppl 2012,13:1-10.

Waters DD, Ho JE, DeMicco DA, Breazna A, Arsenault BJ, Wun CC, Kastelein JJ,
Colhoun H, Barter P: Predictors of new-onset diabetes in patients treated
with atorvastatin: results from 3 large randomized clinical trials. /Am Coll
Cardiol 2011, 57:1535-1545.

LaRosa JC, Deedwania PC, Shepherd J, Wenger NK, Greten H, DeMicco DA,
Breazna A: Comparison of 80 versus 10 mg of atorvastatin on occurrence
of cardiovascular events after the first event (from the Treating to New
Targets [TNT] trial). Am J Cardiol 2010, 105:283-287.

LaRosa JC, Grundy SM, Waters DD, Shear C, Barter P, Fruchart JC, Gotto AM,
Greten H, Kastelein JJ, Shepherd J, Wenger NK: Intensive lipid lowering with
atorvastatin in patients with stable coronary disease. N Eng/ J Med 2005,
352:1425-1435.

Ray KK, Cannon CP, McCabe CH, Cairns R, Tonkin AM, Sacks FM, Jackson G,
Braunwald E: Early and late benefits of high-dose atorvastatin in patients
with acute coronary syndromes: results from the PROVE IT-TIMI 22 trial.
JAm Coll Cardiol 2005, 46:1405-1410.

Baigent C, Keech A, Kearney PM, Blackwell L, Buck G, Pollicino C, Kirby A,
SourjinaT, Peto R, Collins R, Simes R: Efficacy and safety of cholesterol-
lowering treatment: prospective meta-analysis of data from 90,056
participants in 14 randomised trials of statins. Lancet 2005, 366:1267-1278.
Koh KK, Quon MJ, Han SH, Lee Y, Kim SJ, Shin EK: Atorvastatin causes insulin
resistance and increases ambient glycemia in hypercholesterolemic
patients. JAm Coll Cardiol 2010, 55:1209-1216.

Sabatine MS, Wiviott SD, Morrow DA, McCabe CH, Cannon CP: High-dose
atorvastatin associated with worse glycemic control: a PROVE-IT TIMI 22
substudy [abstract]. Circulation 2004, 110(Suppl 3):834.

Yamakawa T, Takano T, Tanaka S, Kadonosono K, Terauchi Y: Influence of
pitavastatin on glucose tolerance in patients with type 2 diabetes
mellitus. J Atheroscler Thromb 2008, 15:269-275.

Yokote K, Saito Y: Influence of statins on glucose tolerance in patients with
type 2 diabetes mellitus: subanalysis of the collaborative study on
hypercholesterolemia drug intervention and their benefits for
atherosclerosis prevention (CHIBA study). J Atheroscler Thromb 2009,
16:297-298.

Teramoto T, Shimano H, Yokote K, Urashima M: New evidence on
pitavastatin: efficacy and safety in clinical studies. Expert Opin
Pharmacother 2010, 11:817-828.

Teramoto T, Urashima M, Shimano H, Yokote K, Saito Y: A large-scale study
on cardio-cerebrovascular events during pitavastatin (LIVALO tablet)
therapy in Japanese patients with hypercholesterolemia LIVES 5-year
extension study. Jon Pharmacol Ther 2011, 39:789-803.

Saku K, Zhang B, Noda K: Randomized head-to-head comparison of
pitavastatin, atorvastatin, and rosuvastatin for safety and efficacy
(quantity and quality of LDL): the PATROL trial. Circ J 2011, 75:1493-1505.
Sponseller CA, Morgan RE, Campbell SE: Pitavastatin 4 mg significantly
reduces LDL-P and increases HDL size compared with pravastatin 40 mg
(PREVAIL US). J Clin Lipidol 2012, 6:288-289.

Hounslow N, Robillard P, Suzuki M, Betting P, Giral b, Chapman MJ:
Pitavastatin is without effect on glycaemic parameters in metabolic
syndrome (CAPITAN Study) [abstract]. In World Congress for Prevention of



Ray Cardiovascular Diabetology 2013, 12(Suppl 1):53
http://www.cardiab.com/supplements/12/S1/S3

31

32.

33.

Diabetes; November 11-14, 2012; Madrid Spain.

Bellia A, Rizza S, Lombardo MF, Donadel G, Fabiano R, Andreadi K, Quon MJ,
Sbraccia P, Federici M, Tesauro M, Cardillo C, Lauro D: Deterioration of
glucose homeostasis in type 2 diabetic patients one year after beginning
of statins therapy. Atherosclerosis 2012, 223:197-203.

Kryzhanovski V, Eriksson M, Hounslow N, Sponseller CA: Short-term and
long-term effects of pitavastatin and simvastatin on fasting plasma
glucose in patients with primary hyperlipidemia or mixed dyslipidemia
and >2 risk factors for CHD [abstract]. /Am Coll Cardiol 2012, 59:E1659.
KryzhanovskiV, Morgan R, Sponseller CA, Davidson MH: Pitavastatin 4 mg
provides significantly greater reduction in LDL-C compared to pravastatin
40 mg with neutral effects on glucose metabolism: prespecified safety

34.

Page 6 of 6

analysis from the short-term Phase 4 PREVAIL US trial in patients with
primary hyperlipidemia or mixed dyslipidemia [abstract]. /Am Coll Cardiol
2012,59:E1692.

J-PREDICT Study Group: Japan prevention trial of diabetes by pitavastatin
in patients with impaired glucose tolerance (J-PREDICT).
[http//clinicaltrials.gov/ct2/show/NCT00301392]

doi:10.1186/1475-2840-12-51-S3
Cite this article as: Ray K: Statin diabetogenicity: guidance for clinicians.
Cardiovascular Diabetology 2013, 12(Suppl 1):S3.




	Abstract
	Introduction
	Some statins are associated with an increased risk of new-onset type 2 diabetes
	What does this mean for our patients?
	Are all statins the same?
	Abbreviations
	Competing interests
	Declaration
	References

